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7KHHQHUJ\FRPSRQHQWRIWKH8:&LVDOVRRIULVLQJLPSRUWDQFHGXHWRWKHLQFUHDVLQJHQHUJ\XVHDQGHQHUJ\SULFHV
3DUWLFXODUO\IRUZDWHUXWLOLWLHVHQHUJ\XVHUHSUHVHQWVLQPRVWFDVHVWKHKLJKHVWRSHUDWLQJFRVWDIWHUPDQSRZHU>@,W
VKRXOGWKHUHIRUHEHDPDLQSULRULW\DQGFKDOOHQJHIRUWKHZDWHULQGXVWU\WRDFKLHYHFRPELQHGUHVRXUFHHIILFLHQF\IRU
ERWKZDWHUDQGHQHUJ\LQ8:6V

7RDGGUHVVWKLVLVVXHWKHUHLVDQHHGIRUWRROVWKDWDUHDEOHWRHVWLPDWHWKHHQHUJ\IRRWSULQWRIWKHHQWLUH8:&IURP
VRXUFHWRWDSWRILQDOGLVFKDUJH6XFKWRROVZRXOGHQDEOHWKHLQYHVWLJDWLRQRIGLIIHUHQWW\SHRISRWHQWLDOSROLFLHVDQG
LQWHUYHQWLRQVRQWKH8:6XQGHUDV\QHUJLVWLFYLHZSRLQW,QIDFWYDULRXVSRWHQWLDOHQHUJ\UHODWHGLQWHUYHQWLRQVFDQEH
DSSOLHG WR WKH GLIIHUHQW SKDVHV RI WKH 8:& >@ LQFOXGLQJ LQWHUYHQWLRQV VSHFLILFDOO\ WDUJHWLQJ ZDWHU
GLVWULEXWLRQ DQG FRQYH\DQFH >@ZDVWHZDWHU >@ DQG HQGXVH SKDVHV >@7KHVH LQWHUYHQWLRQV FDQ EH
IXUWKHUFDWHJRULVHGLQGLIIHUHQWJURXSVVXFKDVWHFKQLFDODQGRSHUDWLRQDORUZDWHUGHPDQGPDQDJHPHQWLQWHUYHQWLRQV
LQWHUYHQWLRQVWKDWDUHLPSOHPHQWHGDWDZDWHUFRPSDQ\HQGXVHURUORFDOOHYHO,QWKLVUHVHDUFKZHH[DPLQHWKHIXUWKHU
GHYHORSPHQWRIWKH8UEDQ:DWHU2SWLRQHHULQJ7RRO8:27>@WRZDUGVPRGHOOLQJRIZDWHU±HQHUJ\LQWHUDFWLRQV
ZLWKLQ8:6VDQGLWVSRWHQWLDOIRUSURYLGLQJDFRPPRQSODWIRUPIRUWKHFRPELQHGDVVHVVPHQWRIZDWHUDQGHQHUJ\LQ
WKH8:&7KHSURSRVHGPHWKRGRORJ\ZDVWHVWHGLQWKH$WKHQV8:6DQGIRUWKHSXUSRVHVRIWKHFXUUHQWZRUNWKH
DQDO\VLVIRFXVHGRQWKHH[WHUQDOZDWHUVXSSO\V\VWHP:66:HGLVFXVVWKHXVHRIWKHVSHFLILFPRGHOLQLQYHVWLJDWLQJ
WKHHIIHFWRIYDULRXVHQHUJ\UHODWHGLQWHUYHQWLRQVDQGGHYHORSLQJVXVWDLQDEOHXUEDQZDWHUPDQDJHPHQWURDGPDSV
0RGHOGHVFULSWLRQDQGGHYHORSPHQW
*HQHUDOGHVFULSWLRQ
8:27 LV D WRRO WKDW VLPXODWHV WKH HQWLUH 8:& IURP VRXUFH WR WDS DQG GLVSRVDO LQ D FRPPRQ PRGHOOLQJ
HQYLURQPHQW 8QOLNH PRVW XUEDQ ZDWHU PRGHOV WKDW XVH D K\GUDXOLFVEDVHG FRQFHSWXDOLVDWLRQ RI WKH XUEDQ ZDWHU
QHWZRUN VLPXODWLQJDFWXDOZDWHU IORZV8:27XVHVDQDOWHUQDWLYHGHPDQGRULHQWDWHGDSSURDFKEDVHGRQGHPDQG
VLJQDOV>@0RUHVSHFLILFDOO\WKHPRGHOJHQHUDWHVDJJUHJDWHVDQGWUDQVPLWVDGHPDQGVLJQDOVWDUWLQJIURPKRXVHKROG
ZDWHUDSSOLDQFHVDQGPRYLQJWRZDUGVWKHVRXUFH>@7KLVXUEDQPHWDEROLVPDSSURDFKFDQIDFLOLWDWHWKHDVVHVVPHQW
RIERWKGHPDQGDQGVXSSO\VLGHLQWHUYHQWLRQVLQ8:6V>@)LJVKRZVWKHUHSUHVHQWDWLRQRIWKH8:&LQ8:27
7KH XSSHU SDUW RI WKH ULJKW SDQHO UHSUHVHQWV WKH H[WHUQDO :66 LQFOXGLQJ ZDWHU VRXUFH DEVWUDFWLRQ UDZ ZDWHU
FRQYH\DQFHDQGWUHDWPHQWZKHUHDVWKHORZHUSDUWUHSUHVHQWVWKHLQWHUQDOZDWHUV\VWHPLQFOXGLQJWKHHQGXVHUSKDVH
JHQHUDWLQJWKHGHPDQGZDVWHZDWHUDQGUXQRIIWUHDWPHQWDQGGLVSRVDO8:27KDVWKHDELOLW\WRVLPXODWHGLIIHUHQW
KRXVHKROGW\SHVFRQYHQWLRQDODVZHOODVGHFHQWUDOLVHGZDWHUWHFKQRORJLHVLQFOXGLQJUDLQZDWHUKDUYHVWLQJDQGZDWHU
UHF\FOLQJVFKHPHVXVHUVFDQDOVRPRGHOLQ8:27LQGLYLGXDOSKDVHVRIWKH8:&RUWKHHQWLUHF\FOH>@

)LJD6LPSOLILHGUHSUHVHQWDWLRQRIWKH8:&OHIWSDQHOE8:27UHSUHVHQWDWLRQRIWKH8:&ULJKWSDQHO6RXUFH>@
'HYHORSPHQWRIHQHUJ\FRPSRQHQWV	FDOFXODWLRQV
(QHUJ\ FRQVXPSWLRQ RU HQHUJ\ SURGXFWLRQ LV FDOFXODWHG E\ YDULRXV 8:27 FRPSRQHQWV RI WKH H[WHUQDO ZDWHU
V\VWHP LQFOXGLQJK\GUR WXUELQHV+'DTXHGXFWV $4ZKHQ WKHVHUHSUHVHQWDTXHGXFW VHFWLRQVZLWKRQHRUPRUH
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SXPSLQJVWDWLRQVJURXQGZDWHUVRXUFHV*:DQGWUHDWPHQWSODQWV73)RUDOOWKHVHFRPSRQHQWVWKHHQHUJ\XVHSHU
XQLWYROXPHN:K/RUHOVHVSHFLILFHQHUJ\LVVSHFLILHGLQ8:27¶V³WHFKQRORJ\OLEUDU\´DQGWKHHQHUJ\FRQVXPHG
RUSURGXFHGLQHDFKWLPHVWHSLVWKHQHVWLPDWHGE\PXOWLSO\LQJWKLVYDOXHZLWKWKHLQFRPLQJGHPDQG
9İ( u   
(LVWKHHQHUJ\FRQVXPSWLRQRUSURGXFWLRQN:KİWKHVSHFLILFHQHUJ\FRQVXPSWLRQRUSURGXFWLRQN:KODQG9
WKHYROXPHRIZDWHUSHUPRGHOWLPHVWHSO

8SWRQRZWKHVLPSOLI\LQJDVVXPSWLRQRIFRQVWDQWYDOXHVIRUVSHFLILFHQHUJ\ZDVPDGHLQ8:27+RZHYHULQ
UHDOLW\ WKHUH DUH FDVHV ZKHUH VSHFLILF HQHUJ\ YDULHV FRQVLGHUDEO\ 7KLV YDULDWLRQ LV RI SDUWLFXODU LPSRUWDQFH IRU
K\GURSRZHU SURGXFWLRQ ZKHUH VSHFLILF HQHUJ\ YDULHV ZLWK IORZ DV ZHOO DV ZLWK FKDQJHV RI XSVWUHDP DQGRU
GRZQVWUHDPK\GUDXOLFKHDGLQWKHFDVHRIUHVHUYRLUVZLWKLQWKHK\GURV\VWHP7KHSRZHURXWSXWRIDK\GURSRZHUSODQW
+33LVJLYHQE\WKHIROORZLQJHTXDWLRQ
Q+4J 3 QHW U   
,QHTXDWLRQ3LVWKHSURGXFHGSRZHUE\WKH+33:ȡWKHGHQVLW\RIZDWHUNJPJWKHDFFHOHUDWLRQRIJUDYLW\
PV4 WKHIORZSDVVLQJIURPWKHWXUELQHPV+QHW WKHQHWKHDGDW WXUELQHPDQGQ WKHWRWDO+33HIILFLHQF\
WXUELQHJHQHUDWRUWUDQVIRUPHU

)RU WKHSXUSRVHVRI WKHFXUUHQWZRUNZKLFK IRFXVHVRQ WKHZDWHUHQHUJ\QH[XV HQHUJ\ UHODWHGFDOFXODWLRQV LQ
8:27KDYHEHHQIXUWKHUUHILQHGLQRUGHUWRDGGUHVVWKLVLVVXH6SHFLILFDOO\WKHK\GURWXUELQHFRPSRQHQW+'KDV
EHHQPRGLILHGVRWKDWLQVWHDGRILQFOXGLQJDFRQVWDQWVSHFLILFHQHUJ\FRQVXPSWLRQSURGXFWLRQYDOXHWKHSURGXFHG
SRZHULQHDFKWLPHVWHSLVFDOFXODWHGE\WKHIROORZLQJWKLUGGHJUHHELYDULDWHSRO\QRPLDOHTXDWLRQ
 +:/+4N+:/+4M+:/+4L+:/+K4J+:/+I4G+:/F+4ED 3   
4LVWKHIORZSDVVLQJIURPWKHWXUELQHPV++:/WKHKHDGZDWHUOHYHOLHWKHZDWHUOHYHORIWKHXSVWUHDPUHVHUYRLU
PDQGDEFGIJKLMNDUHWKHSRO\QRPLDOFRHIILFLHQWV

%\ DGRSWLQJ WKLVPHWKRGRORJ\ WKHXVHU KDV WKH IOH[LELOLW\ WR LQFOXGHPRUHRU OHVV OHYHO RI GHWDLO LQ WKH HQHUJ\
FDOFXODWLRQVUHODWHGWRWKH+'FRPSRQHQWGHSHQGLQJRQWKHDYDLODEOHLQIRUPDWLRQDQGGDWDDVZHOODVWKHVSHFLILF
FRQGLWLRQVLQHDFK+33VXFKDVWKHH[LVWHQFHRUQRWRIDQXSVWUHDPUHVHUYRLU,QWKHPRVWVLPSOLILHGFDVHHTXDWLRQ
FDQEHUHGXFHGWRHTXDWLRQ
0RGHODSSOLFDWLRQFDVHVWXG\
+\GURV\VWHPGHVFULSWLRQ
7KHPRGHOZDVWHVWHGLQWKHLQWULFDWH8:6RI$WKHQVWKDWVHUYHVDSRSXODWLRQRIDSSUR[LPDWHO\SHRSOH
7KHDQDO\VLVIRFXVHGRQWKHH[WHUQDOXUEDQ:66LHWKHZDWHUFRQYH\DQFHSKDVHXSWRWKHFLW\¶VIRXUZDWHUWUHDWPHQW
SODQWV :73V7KH$WKHQV H[WHUQDO:66 H[WHQGV RYHU DQ DUHD RI DURXQG  NP LQFOXGLQJ ERWK VXUIDFH DQG
JURXQGZDWHU UHVRXUFHV 7KH K\GURV\VWHP FRPSULVHV DQ H[WHQVLYH QHWZRUN RI VXUIDFHZDWHU UHVHUYRLUV ERUHKROHV
DTXHGXFWVSXPSLQJVWDWLRQV+33VDQG:73VDQGLVFKDUDFWHULVHGE\DKLJKOHYHORIFRPSOH[LW\>@7KHPDMRULW\
RI WKH ZDWHU XVHG IRU VXSSO\LQJ WKH DUHD RI $WKHQV FRPHV IURP VXUIDFHZDWHU VRXUFHV DQG VSHFLILFDOO\ IURP WKH
UHVHUYRLUVRI0RUQRVDQG(YLQRV7KHQDWXUDO ODNHRI+\OLNHDQG0DUDWKRQUHVHUYRLUDUHPDLQO\XVHGDVDX[LOLDU\
ZDWHUVRXUFHVXQGHUQRUPDOFRQGLWLRQVDVPDOOIUDFWLRQRIZDWHULVDEVWUDFWHG*URXQGZDWHUIURPGLIIHUHQWERUHKROH
JURXSVLVDOVRXVHGDVDEDFNXSZDWHUVRXUFH7KHH[WHUQDODTXHGXFWQHWZRUNPDLQO\LQFOXGHVWZRPDLQEUDQFKHVWKH
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QRUWKEUDQFKDQHQHUJ\LQWHQVLYHEUDQFKFRQYH\LQJZDWHUIURP+\OLNH0DUDWKRQDQGGLIIHUHQWERUHKROHJURXSVDQG
WKHVRXWKEUDQFKFRQYH\LQJZDWHUWKURXJKJUDYLW\IURP(YLQRVDQG0RUQRVUHVHUYRLUV%HVLGHVWKHSULPDU\DTXHGXFW
QHWZRUNWKHK\GURV\VWHPDOVRLQFOXGHVFRQQHFWLQJDQGDX[LOLDU\DTXHGXFWVPRVWLPSRUWDQWRIZKLFKLVWKH0DUDWKRQ
FRQQHFWLQJDTXHGXFWWKDWOLQNVWKHVRXWKDQGQRUWKDTXHGXFWEUDQFKHV'XULQJUHFHQW\HDUVHQHUJ\GLVVLSDWLRQZRUNV
DUHEHLQJFRQYHUWHGDORQJWKHVRXWKEUDQFKDQGFXUUHQWO\VL[VPDOO+33VDUHLQRSHUDWLRQ
0RGHOGHYHORSPHQWDQGDVVXPSWLRQV
,QWKLVZRUNZHGHYHORSHGDPRGHORIWKHH[WHUQDO:66RI$WKHQVXSWRWKHIRXU:73VDQGUXQWKHPRGHOIRUHLJKW
KLVWRULFDO\HDUVZLWKDPRQWKO\WLPHVWHS7KHPRGHOZDVFDOLEUDWHGDJDLQVW0RUQRVDQG+\OLNHZDWHUOHYHOVZDWHU
DEVWUDFWLRQVSHUVRXUFHDQGDFWXDOK\GURSRZHUSURGXFWLRQIURPWKHH[LVWLQJ+33V7KHFDOLEUDWLRQH[HUFLVHDWWHPSWV
WRFDSWXUHFXUUHQWGHFLVLRQVRIWKHZDWHUFRPSDQ\UHODWHGWRWKHRSHUDWLRQRIWKH$WKHQVK\GURV\VWHP7KHRYHUDOODLP
IRU GHYHORSLQJ WKH VSHFLILF PRGHO LV WR IDFLOLWDWH WKH DVVHVVPHQW RI GLIIHUHQW SRWHQWLDO IXWXUH HQHUJ\UHODWHG
LQWHUYHQWLRQVWKDWKDYHEHHQLGHQWLILHGIRUWKH$WKHQVK\GURV\VWHP
7KHVWUXFWXUHRIWKH$WKHQV:66KDVEHHQVHWXSLQ8:27VRWKDWWKHUHVXOWLQJVFKHPDWLVDWLRQUHVHPEOHVDVPXFK
DVSRVVLEOH WKH DFWXDO8:6 )LJ 6LQFH WKHSDUWLFXODU K\GURV\VWHP LV TXLWH FRPSOH[ VRPH VLPSOLILFDWLRQV DQG
DVVXPSWLRQVZHUHQHFHVVDU\WRUHGXFHPRGHOFRPSOH[LW\)RUH[DPSOHVRPHDX[LOLDU\DTXHGXFWVHFWLRQVZHUHLJQRUHG
DVWKH\DUHUDUHO\XVHGRQO\WKHPRVWVLJQLILFDQWERUHKROHJURXSVZHUHLQFOXGHGDQGSRWDEOHZDWHUWUDQVIHUVEHWZHHQ
:73VZHUH LJQRUHG7KH UHSUHVHQWDWLRQRI WKH$WKHQVH[WHUQDOZDWHU VXSSO\QHWZRUN LQ8:27HPSOR\VYDULRXV
PRGHOFRPSRQHQWV LQFOXGLQJDTXHGXFWVHFWLRQV$4VXUIDFHZDWHU UHVHUYRLUV 6:JURXQGZDWHUVRXUFHV*:
K\GURWXUELQHV+'QHWZRUNVSOLWWHUV63HWF)RUHDFKFRPSRQHQWGLIIHUHQWEUDQGVZHUHVSHFLILFDOO\GHYHORSHGIRU
WKHDGHTXDWHUHSUHVHQWDWLRQRIWKHYDULRXVDFWXDOFRPSRQHQWVRIWKH$WKHQV:66(DFK8:27FRPSRQHQWEUDQGZDV
DVVLJQHGZLWKDSSURSULDWHWHFKQLFDOVSHFLILFDWLRQVWKHVHYDOXHVZHUHHLWKHUWDNHQGLUHFWO\IURPZDWHUFRPSDQ\GDWD
RU OLWHUDWXUH (VSHFLDOO\ UHJDUGLQJ WHFKQLFDO VSHFLILFDWLRQV RI WKH H[LVWLQJ+33V SRZHUGLVFKDUJH 34 FXUYHV RU
SRZHUGLVFKDUJHZDWHUOHYHO34+FXUYHVLQWKHFDVHRIUHVHUYRLUVZHUHFRQVWUXFWHGIRUHDFKRIWKHILYHIDFLOLWLHV
RSHUDWHGE\WKH$WKHQV:DWHU6XSSO\DQG6HZHUDJH&RPSDQ\(<'$3,QHDFKFDVHDYDLODEOHGDWDZHUHXVHGVXFK
DVPDQXIDFWXUHU¶VWXUELQHHIILFLHQF\FXUYHVDQGSODQWSHUIRUPDQFHHYDOXDWLRQGDWD


)LJ8:27VFKHPDWLVDWLRQRIWKH$WKHQVH[WHUQDO:666SDWLDO*,6YLHZ
6LQFHQRGDWDZHUHDYDLODEOH IRUWKH+33RSHUDWHGE\WKH3XEOLF3RZHU&RUSRUDWLRQ33&DFRQVWDQWVSHFLILF
HQHUJ\ SURGXFWLRQ YDOXH ZDV XVHG EDVHG RQ DFWXDO HQHUJ\ SURGXFWLRQ GDWD +DYLQJ FRPSOHWHG WKH QHWZRUN
VFKHPDWL]DWLRQWKHPRGHOZDVUXQIRUHLJKWK\GURORJLFDO\HDUVZLWKPRQWKO\KLVWRULFDOWLPHVHULHVIRUWKHSHULRG
+LVWRULFDOPRQWKO\WLPHVHULHVIRUFDWFKPHQWUXQRIIUHVHUYRLUSUHFLSLWDWLRQDQGHYDSRUDWLRQZHUHXVHGLQRUGHU
WRFUHDWHQHWLQIORZWLPHVHULHVIRUHDFKUHVHUYRLU:DWHUGHPDQGGDWDXVHGLQFOXGHWKHKLVWRULFDOLQIORZVDWHDFKRIWKH
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IRXU:73VUDZZDWHUGHPDQGIURPWKHFRPPXQLWLHVDORQJ0RUQRVDQG+\OLNHDTXHGXFWQHWZRUNKLVWRULFDOLUULJDWLRQ
DEVWUDFWLRQVIURP+\OLNH/DNHDQGWKHHQYLURQPHQWDOIORZUHOHDVHGIURP(YLQRVUHVHUYRLU
0RGHOUHVXOWV
:DWHUEDODQFH
7KHPRGHOZDVLQLWLDOO\FDOLEUDWHGWRPDWFKWKHKLVWRULFDOZDWHUEDODQFHLQWHUPVRIUHVHUYRLUZDWHUOHYHOVDVZHOO
DVZDWHU DEVWUDFWLRQVSHU VRXUFH0RGHO SDUDPHWHUV FDOLEUDWHG IRU WKLV SXUSRVH DUH WKH VSOLWWHU FRPSRQHQW YDOXHV
6SOLWWHUVDUH8:27FRPSRQHQWVRISDUWLFXODU LPSRUWDQFHDV WKH\GLVWULEXWH WKHZDWHUGHPDQGVLJQDOV WRGLIIHUHQW
ZDWHU VRXUFHVRI WKHK\GURV\VWHPGHSHQGLQJRQ WKHZDWHUDYDLODELOLW\ LQHDFKZDWHU VRXUFH >@)RU WKHSDUWLFXODU
DSSOLFDWLRQ DQG QHWZRUN VFKHPDWLVDWLRQ ILYH VSOLWWHUV KDYH EHHQ XVHG LQ WRWDO WZR VSOLWWHUV RQ WKHPDLQ DTXHGXFW
QHWZRUNGHILQLQJWKHGHPDQGVLJQDOVJRLQJWRWKHQRUWKHUQDQGVRXWKHUQEUDQFKHVDQGWKUHHVSOLWWHUVFRUUHVSRQGLQJWR
HDFKRIWKHWKUHHERUHKROHJURXSV0RGHOUHVXOWVZHUHFRPSDUHGDJDLQVWKLVWRULFDOZDWHUDEVWUDFWLRQVDQG0RUQRVDQG
+\OLNH QHW VWRUDJH 7DEOH  SUHVHQWV D FRPSDUDWLYH DQDO\VLV RI WKH ZDWHU EDODQFH EHWZHHQ8:27 DQG DYDLODEOH
KLVWRULFDOGDWDE\FRPSDULQJDYHUDJHDQQXDOYDOXHVRIDEVWUDFWLRQVIURPWKHPDLQUHVHUYRLUVFDOFXODWHGIRUWKHHLJKW
K\GURORJLFDO \HDUV)LJ VKRZV WKH IOXFWXDWLRQRI WKHPRGHOOHGYHUVXV WKHKLVWRULFDOQHW UHVHUYRLU VWRUDJH IRU D
0RUQRVDQGE+\OLNHIRUWKHHQWLUHVLPXODWLRQSHULRG7KH1DVK6XWFOLIIHFRHIILFLHQWVZHUHFDOFXODWHGIRUVLPXODWHG
QHWVWRUDJHDQGDUHHTXDOWRDQGIRU0RUQRVUHVHUYRLUDQG+\OLNH/DNHUHVSHFWLYHO\
7DEOH0RGHOOHGDQGKLVWRULFDODQQXDOZDWHUDEVWUDFWLRQVSHUVRXUFH
 0RUQRVDQG(YLQRV (YLQRVWR0RUQRV +\OLNH
8:27KP\   
+LVWRULFDOKP\   
'LIIHUHQFH   

)LJ0RGHOOHGYVKLVWRULFQHWUHVHUYRLUVWRUDJHIRUD0RUQRVUHVHUYRLUDQGE+\OLNH/DNH
)URPWKHSUHVHQWHGUHVXOWVLWFDQEHREVHUYHGWKDWWKHDFWXDOZDWHUDEVWUDFWLRQVIURP+\OLNHDUHTXLWHORZHUWKDQ
WKHVLPXODWHGRQHV$FFRUGLQJWR0DNURSRXORVHWDO>@LQRUGHUWRDFKLHYHUHOLDELOLW\LQWKH$WKHQV8:6RYHU
WKHORQJHUWHUPIRUWKHFXUUHQWOHYHOVRIZDWHUGHPDQGDEVWUDFWLRQVIURP+\OLNHVKRXOGDPRXQWWRDSSUR[LPDWHO\
KPSHU\HDU7KLV VLJQLILFDQWGLIIHUHQFH LQDFWXDODQGRSWLPLVHGDEVWUDFWLRQV LQGLFDWHV WKDW WKHZDWHUFRPSDQ\ LV
FXUUHQWO\RSHUDWLQJWKHV\VWHPZLWKPLQLPDODEVWUDFWLRQVIURP+\OLNHLQIDYRXURIORZHUHQHUJ\FRVWVDOVRUHVXOWLQJ
KRZHYHUDWWKHVDPHWLPHLQORZHUV\VWHPUHOLDELOLW\LQWKHORQJHUWHUP7KHGLIIHUHQFHVLQWKHIOXFWXDWLRQRI+\OLNH
QHWVWRUDJH)LJEFDQEHSUREDEO\DWWULEXWHGWRWKHZD\+\OLNHOHDNDJHLVHVWLPDWHGE\8:27WKDWSUREDEO\VOLJKWO\
XQGHUHVWLPDWHV LW/HDNDJHIURP+\OLNH LVD VLJQLILFDQWFRPSRQHQWRI WKHUHVHUYRLU¶VZDWHUEDODQFHDQG LW LVTXLWH
GLIILFXOW WRPRGHOVLQFHLWGRHVQ¶WKDYHDFRQVWDQWFRUUHODWLRQWRWKHODNH¶VZDWHUOHYHOEXWWKLVUHODWLRQVKLSYDULHV
VHDVRQDOO\>@'HVSLWHWKLVWKHJUDSKDQGWKHYDOXHRIWKH1DVK6XWFOLIIHFRHIILFLHQWVXJJHVWDQRYHUDOOJRRGILWZLWK
WKHREVHUYHGYDOXHV0RUQRVPRGHOOHGQHW VWRUDJH IOXFWXDWLRQ )LJD WRJHWKHUZLWKD1DVK6XWFOLIIHFRHIILFLHQW
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YDOXHRILQGLFDWHDVDWLVIDFWRU\PRGHOEHKDYLRXU2YHUDOOWKHUHVXOWVVXJJHVWDQDFFHSWDEOHPRGHOSHUIRUPDQFHLQ
WHUPVRIVLPXODWLQJWKHKLVWRULFDOZDWHUEDODQFHWDNLQJLQWRDFFRXQWWKHYDULRXVDVVXPSWLRQVDGRSWHGGXULQJPRGHO
GHYHORSPHQW
(QHUJ\EDODQFH
)ROORZLQJWKHVDWLVIDFWRU\ZDWHUEDODQFHFDOLEUDWLRQWKHPRGHOZDVFDOLEUDWHGLQWHUPVRIK\GURSRZHUSURGXFWLRQ
$VFDOLEUDWLRQSDUDPHWHUVWKH³+'DYDLODELOLW\´IDFWRUVIRUWKHVL[+33VZHUHXVHG8:27FDOFXODWHVWKHWKHRUHWLFDO
HQHUJ\SURGXFWLRQDFFRUGLQJWRHTXDWLRQDVVXPLQJSODQWDYDLODELOLW\+RZHYHULQUHDOLW\+33VRSHUDWHIRUD
IUDFWLRQRIWKHWLPHGXHWRUHDVRQVVXFKDVPDLQWHQDQFHIDLOXUHVRURWKHUORZOHYHORSHUDWLRQDOGHFLVLRQV7RDGGUHVV
WKLVLVVXHWKHSDUDPHWHU³+'DYDLODELOLW\´KDVEHHQLQWURGXFHGLQ8:27WRDFFRXQWIRUWKLV³QRQRSHUDWLRQDOWLPH´
LWVYDOXHFRUUHVSRQGVWRWKHSHUFHQWDJHRIWKHWLPHHDFK+33LVRSHUDWLRQDO7DEOHSUHVHQWVVLPXODWHGDQGKLVWRULFDO
DYHUDJHDQQXDOHQHUJ\SURGXFWLRQIURPHDFKRIWKHVL[+33VILYHRSHUDWHGE\(<'$3DQGRQHE\WKH33&WKH
FRUUHVSRQGLQJ³+'DYDLODELOLW\´YDOXHVXVHGDVZHOODVPRGHOOHGPHDQDQQXDOHQHUJ\FRQVXPSWLRQIRUSXPSLQJDQG
JURXQGZDWHUDEVWUDFWLRQV1RKLVWRULFDOHQHUJ\FRQVXPSWLRQGDWDZHUHDYDLODEOHIRUFRPSDULVRQUHDVRQVDWWKHWLPH
RIPRGHOGHYHORSPHQW)LJGLVSOD\VWKHPRGHOOHGDYHUDJHVHDVRQDOYDULDWLRQLQHQHUJ\FRQVXPSWLRQDQGUHQHZDEOH
HQHUJ\SURGXFWLRQE\WKHH[LVWLQJ+33VRSHUDWHGE\(<'$3
7DEOH0RGHOOHGDQGKLVWRULFDOHQHUJ\SURGXFWLRQDQGFRQVXPSWLRQ
 +\GURSRZHU3URGXFWLRQ (QHUJ\&RQVXPSWLRQ
(QHUJ\SURGXFWLRQ
FRQVXPSWLRQ
(YLQRV
(QY+3
.LUIL
+3
(OLNRQD
+3
.LWKDLURQDV
+3
0DQGUD
+3
*LRQD+3
33&
3XPSLQJ *URXQGZDWHU
8:27*:K\        
+LVWRULFDO*:K\        
'LIIHUHQFH        
+'$YDLODELOLW\       1$ 1$


)LJ$YHUDJHPRGHOOHGPRQWKO\HQHUJ\FRQVXPSWLRQDQGSURGXFWLRQDORQJWKHH[WHUQDO:66
7KHFRPSDULVRQDJDLQVWDFWXDOK\GURSRZHUSURGXFWLRQGDWDKLJKOLJKWHGWKHIDFW WKDW.LWKDLURQDV+33SURGXFHG
VLJQLILFDQWO\ORZHUHQHUJ\LQFRPSDULVRQWRLWVK\GURSRZHUSRWHQWLDO.LWKDLURQDVLVWKHRQO\+33WKDWKDVWZRWXUELQHV
DQGLWLVVXVSHFWHGWKDWSRVVLEO\IRUDFHUWDLQSHUFHQWDJHRIWLPHRQO\RQHRIWKHWZRWXUELQHVLVDFWXDOO\RSHUDWHGE\
WKHZDWHUFRPSDQ\2YHUDOOPRGHOUHVXOWVLQWHUPVRIHQHUJ\SURGXFWLRQDUHFRQVLGHUHGTXLWHVDWLVIDFWRU\DQGWKH\GR
KLJKOLJKWWKHVLJQLILFDQWK\GURSRZHUSRWHQWLDODORQJWKH$WKHQVH[WHUQDO:66(QHUJ\FRQVXPSWLRQPRGHOHVWLPDWHV
IRUZDWHUSXPSLQJDQGJURXQGZDWHUDEVWUDFWLRQVDUHUHODWLYHO\ORZGXHWRWKHK\GURV\VWHPRSHUDWLRQDOSROLF\DSSOLHG
E\(<'$3 WKDWPLQLPLVHV DEVWUDFWLRQV IURP WKH HQHUJ\ LQWHQVLYH DTXHGXFW EUDQFK DQG JURXQGZDWHU VRXUFHV DQG
PD[LPLVHVDEVWUDFWLRQVIURP0RUQRVDQG(YLQRVUHVHUYRLUV
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,QYHVWLJDWLRQRIHQHUJ\UHODWHGLQWHUYHQWLRQV
9DULRXVHQHUJ\SURGXFWLRQDQGHQHUJ\VDYLQJLQWHUYHQWLRQVKDYHEHHQLGHQWLILHGIRUWKH$WKHQV8:6IURPYDULRXV
OLWHUDWXUH VRXUFHV >@ DVZHOO DV LQFROODERUDWLRQZLWK(<'$37DEOHSUHVHQWV VRPHRI WKHVH LQWHUYHQWLRQV
PRVWO\IRFXVLQJRQK\GURSRZHUVFKHPHV7KHSRWHQWLDODFWLRQVKDYHEHHQJURXSHGLQWRGLIIHUHQWSKDVHVDFFRUGLQJWR
WKHLULPSOHPHQWDWLRQWLPHIUDPH
7DEOH,GHQWLILHGHQHUJ\UHODWHGLQWHUYHQWLRQV
 6WHS,PPHGLDWH 6WHS6KRUWWHUP 6WHS/RQJWHUP
3URSRVHG
,QWHUYHQWLRQ
x3XPSUHSODFHPHQW.LRXUND
x2SHUDWLRQDOLPSURYHPHQWRIH[LVWLQJ+33V
x1HZ+3.OLGL
x1HZ+33+HOLGRQRX x1HZ+332XWOHWRI(YLQRV±
0RUQRVWXQQHO

)ROORZLQJ WKH VXFFHVVIXOVLPXODWLRQRI WKHKLVWRULFDOVFHQDULRDPRGHOOLQJH[SHULPHQWZDVFDUULHGRXWZLWK WKH
GHYHORSHGPRGHOLQFRQMXQFWLRQZLWK\HDUV\QWKHWLFWLPHVHULHVVWDWLVWLFDOO\FRQVLVWHQWZLWKKLVWRULFDOGDWDZKLFK
ZHUHXVHGWRFUHDWHWKHQHWLQIORZVIRUWKHK\GURV\VWHP¶VUHVHUYRLUV&XUUHQWZDWHUGHPDQGGDWDZHUHXVHGLQFOXGLQJ
GHPDQGIRUWKHIRXU:73VUDZZDWHUGHPDQG+\OLNHLUULJDWLRQDQG(YLQRVHQYLURQPHQWDO IORZ)RUWKHVSHFLILF
DSSOLFDWLRQLWLVDVVXPHGWKDWZDWHUGHPDQGUHPDLQVFRQVWDQWDWFXUUHQWOHYHOVWKURXJKRXWWKHVLPXODWLRQSHULRGDQGD
FRQVWDQWGHPDQGPRQWKO\SDWWHUQZDVJHQHUDWHG7KHHIIHFWRIHDFKVHWRILQWHUYHQWLRQVRQWKH8:6¶VHQHUJ\IRRWSULQW
ZDVHVWLPDWHGDWHDFKLPSOHPHQWDWLRQSKDVHWKURXJKWKHXVHRIVHOHFWHGSHUIRUPDQFHLQGLFDWRUV)RUWKLVDQDO\VLVZH
KDYH H[DPLQHG D WKH ³UHQHZDEOH HQHUJ\ IUDFWLRQ´ LH WKH UHQHZDEOH HQHUJ\ JHQHUDWHG RYHU WKH WRWDO HQHUJ\
FRQVXPHG)LJDDQGEWKH³HQHUJ\LQWHQVLW\´GHILQHGDVWKHDPRXQWRIHQHUJ\UHTXLUHGSHUXQLWZDWHUGHOLYHUHG
)LJE7KHWZRJUDSKVLQ)LJGHPRQVWUDWHWKHHYROXWLRQRIWKHWZRVHOHFWHGLQGLFDWRUVIRUWKH$WKHQVH[WHUQDO
:66WKURXJKWKHGLIIHUHQWLQWHUYHQWLRQSKDVHVWKDWFDQEHWUDQVODWHGLQWRVWHSVRIDSRVVLEOHZDWHUHQHUJ\URDGPDS
IRUWKHSDUWLFXODUK\GURV\VWHP7KHWRWDOHQHUJ\LQWHQVLW\VKRZQZLWKDUHGOLQHLVRQO\DIIHFWHGE\WKHRQHHQHUJ\
VDYLQJLQWHUYHQWLRQH[DPLQHGZKHUHDVWKHQHWHQHUJ\LQWHQVLW\VKRZQZLWKDEOXHOLQH LVDIIHFWHGE\WKHYDULRXV
HQHUJ\SURGXFWLRQLQWHUYHQWLRQVDSSOLHG

)LJ(YROXWLRQRID5HQHZDEOHHQHUJ\IUDFWLRQDQGE(QHUJ\LQWHQVLW\IRUSRVVLEOHZDWHUHQHUJ\5RDGPDS
'LVFXVVLRQDQGFRQFOXVLRQV
7KHPRGHOGHYHORSHGLQWKLVZRUNZDVDEOHWRDGHTXDWHO\VLPXODWHWKHKLVWRULFDOVLWXDWLRQERWKLQWHUPVRIZDWHU
DQGHQHUJ\EDODQFHV7KHPRGLILFDWLRQVDQGLPSURYHPHQWVDSSOLHGWR8:27LQWHUPVRIHQHUJ\UHODWHGFDOFXODWLRQV
DQGPRGHOFRPSRQHQWVH[SDQGHGIXUWKHUWKHPRGHO¶VFDSDELOLWLHVLQUHSUHVHQWLQJZDWHUHQHUJ\LQWHUDFWLRQVZLWKLQWKH
8:&,QSDUWLFXODUWKHLPSURYHPHQWVLPSOHPHQWHGLQWKHFDOFXODWLRQVRIK\GURSRZHUSURGXFWLRQDUHFRQVLGHUHGWR
SURYLGHFRQVLGHUDEO\LQFUHDVHGDFFXUDF\LQHQHUJ\SURGXFWLRQPRGHOHVWLPDWHVDVWKHHIIHFWRIGLVFKDUJHDQGUHVHUYRLU
ZDWHUOHYHOYDULDWLRQVLVQRZFDSWXUHG7KHSUHOLPLQDU\UHVXOWVRIWKHLPSDFWRIVHOHFWHGHQHUJ\UHODWHGLQWHUYHQWLRQV
LQGLFDWHWKDWWKHUHLVVLJQLILFDQWHQHUJ\UHFRYHU\SRWHQWLDOWKURXJKK\GURSRZHUJHQHUDWLRQDORQJWKH$WKHQVH[WHUQDO
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DTXHGXFWV\VWHP$QH[DPSOHRIDSRWHQWLDOZDWHUHQHUJ\URDGPDSIRUWKH$WKHQV:66ZDVGHPRQVWUDWHG7KHFXUUHQW
DQDO\VLVDQGH[DPLQHGLQWHUYHQWLRQVKDYHIRFXVHGRQWKH$WKHQVH[WHUQDO:66+RZHYHULWZRXOGEHRISDUWLFXODU
LQWHUHVWWRH[SDQGWKHDQDO\VLVGRZQVWUHDPWKH:73VLQRUGHUWRLQFRUSRUDWH$WKHQV¶HQWLUH8:&DQGLQYHVWLJDWHWKH
ZDWHUHQHUJ\QH[XVWKURXJKDOOWKHF\FOHSKDVHV7KHFRPSOHWHXUEDQ8:&PRGHOFDQIDFLOLWDWHWKHH[SORUDWLRQRI
DGGLWLRQDO EURDGHUK\GURV\VWHP LQWHUYHQWLRQV VXFK DVZDWHU UHXVH DQGZDWHU GHPDQGPDQDJHPHQWPHDVXUHV DQG
DVVHVVWKHLUHIIHFWRQWKHV\VWHP¶VHQHUJ\IRRWSULQW

7KHFXUUHQWDQDO\VLVGHPRQVWUDWHVWKDWWKHSUHVHQWHGWRRODQGPHWKRGRORJ\FRXOGHQDEOHWKHLGHQWLILFDWLRQRIWKH
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